Abstract -We conducted the first chromosomal studies of Lonicera japonica var. miyagusukiana, an endemic of the Ryukyu Archipelago, Japan. Lonicera japonica var. japonica (Japanese honeysuckle) from Japan was also analyzed for comparison. All individuals of L. japonica var. miyagusukiana collected from three islands of the central and southern Ryukyus were tetraploid with chromosome number of 2n = 36 [2n = 36 = 4m + 28sm (2SAT) + 4st], whereas L. japonica var. japonica was diploid with 2n = 18 [2n = 18 = 2m + 14sm (2SAT) + 2st], indicating karyotype similarity. However, the karyotypes of L. japonica var. miyagusukiana and L. japonica var. japonica differed from those of previously reported diploid and tetraploid L. japonica from China. These results, together with the remote distribution, suggest that L. japonica var. miyagusukiana is a local tetraploid derivative of the diploid L. japonica var. japonica in the Ryukyus. Because little information is available about the karyotype and phylogenetic features of L. japonica and its relatives, however, we cannot exclude the possibility that L. japonica var. miyagusukiana is derived from other diploid taxa found either in the Ryukyus or elsewhere.
INTRODUCTION
The Ryukyu Archipelago is made up of more than 200 subtropical islands that arc between Taiwan and Kyushu Island of Japan over 800 km along the eastern edge of the Asian continent. This area is well known for its high plant species richness (e.g., HATUSIMA 1975; WALKER 1976 ) that was established under the influence of the complex geological dynamics of the archipelago and subtropical marine climate. Despite corresponding to roughly 1% of the area of Japan, these small islands support 300 fern species and more than 1600 seed plant species, and approximately 2% of the area's flora are endemic taxa (HATUSIMA 1975; HATUSIMA and AMANO 1994; SHIMABUKU 1997) .
Lonicera japonica Thunb. var. miyagusukiana Makino, a variety of Japanese honeysuckle, is one of the taxa endemic to the Ryukyus. This trailing or climbing vine is clearly distinguished from the type variety L. japonica var. japonica by its smaller, thicker, and denser leaves, and smaller flowers with dense glandular hairs on the outer corolla surface (Fig. 1A; MAKINO 1912; HATUSIMA 1975; HARA 1983) . Lonicera japonica var. japonica is an extremely vigorous vine that grows in sunny forest edges and thickets and is native to temperate eastern Asia (Fig. 2; HARA and OHBA 1989; YANG and CHIU 1998; HSU and FU 2005) . This plant became a troublesome pest outside of its native range, with serious negative effects on native floras; despite extensive efforts to prevent new infestations, this infamous invasive is now spreading in many other temperate, subtropical, and tropical areas throughout the world (cf., SCHIERENBECK 2004). In contrast to the type variety, the distribution of L. japonica var. miyagusukiana is extremely local (Fig. 2) , scattered only on eight islands from the central to southern Ryukyus of Japan (HARA 1983; SHIMABUKU 1989; TATEISHI et al. 2004) . Its habitat is restricted to the tops of exposed windy limestone cliffs (Fig. 1B) SHINJO et al. 2006) .
The Ryukyu Archipelago has long fascinated many botanists with its floristic diversity, and many important findings in the fields of plant phylogeny, evolution, and biogeography have resulted from studies of the flora (cf., CHIANG and SCHAAL 2006) . Elucidating the evolutionary process associated with the endemic L. japonica var. miyagusukiana is important to improve our understanding of the origin and establishment of the Ryukyu flora. However, little or no information is available concerning L. japonica var. miyagusukiana and its relationship with related taxa, including the type Table 1 . Scale bar in A is 1 cm. Table 1. variety, and the differentiation process in the Ryukyus. Therefore, we examined cytotaxonomical features of L. japonica var. miyagusukiana as a first step to elucidate the origin and establishment of this endemic taxon.
MATERIALS AND METHODS
Detailed sampling localities for L. japonica var. miyagusukiana and L. japonica var. japonica are shown in Table 1 and Fig. 2 . Vigorous and healthy shoots were collected from a total of 18 L. japonica var. miyagusukiana individuals in three localities on the Okinawa Islands of Ie-jima and Okinawajima in the central Ryukyus, and in three localities on Yonaguni-jima in the southern Ryukyus. In addition to L. japonica var. miyagusukiana, shoots of 27 individuals of L. japonica var. japonica were also collected from 12 localities on the Honshu, Shikoku, and Kyushu Islands of Japan. Lonicera japonica var. japonica was not found in the central or southern Ryukyus (Okinawa-jima, Ishigakijima, Iriomote-jima, and Yonaguni-jima) throughout our field survey from 2005 to 2006.
All cuttings collected in the field were planted in a greenhouse at the University of the Ryukyus. Root tips were collected from cuttings after rooting for cytological observations. Mitotic metaphase chromosomes were then examined using the aceto-orcein squash method. The positions of centromeres on metaphase chromosomes were in accordance with those specified by LEVAN et al. (1964) . The chromosome pairs were arranged in decreasing order of size in the karyotypes and vouchers were deposited in the herbarium of the Faculty of Science, University of the Ryukyus (RYU).
RESULTS AND DISCUSSION
All L. japonica var. miyagusukiana plants collected in the central and southern Ryukyus had a chromosome number of 2n = 36 ( (Fig. 3C-I-IX) , each of which consisted of four morphologically identical chromosomes, except the fourth set, in which two satellite and two non-satellite chromosomes occurred (Fig. 3C-IV) . Of the 36 chromosomes, four chromosomes (Fig. 3C-V) were metacentric, 28 chromosomes ( Fig. 3C-I , II, III, IV, VI, VIII, IX) were submetacentric, including two satellite chromosomes, and the remaining four chromosomes (Fig. 3C -VII) were subterocentric; the karyotype formula of this taxon was 2n = 36 = 4m + 28sm (2SAT) + 4st. With the exception of the morphological discordance between satellite and non-satellite chromosomes in the fourth set ( Fig. 3C-IV) , the karyotype of nine sets of chromosomes (I-IX), a basic component in chromosomes of L. japonica var. miyagusukiana, was almost identical with that of the diploid L. japonica var. japonica investigated. The karyotype of L. japonica var. japonica consisted of two metacentric chromosomes ( Fig. 3D-V) , 14 submetacentric chromosomes, including two satellite chromosomes (Fig.  3D-I -IV, VI, VIII, IX), and two subterocentric chromosomes (Fig. 3D-VII) ; the karyotype formula was 2n = 18 = 2m + 14sm (2SAT) + 2st. Both taxa had relatively small chromosomes varying gradually in length from 1.2±0.24 to 2.3±0.31 µm in L. japonica var. miyagusukiana and 1.4±0.29 to 3.0±0.75 µm in L. japonica var. japonica (Fig. 3) .
Previous chromosomal studies have indicated intraspecific karyotype variation in L. japonica. The karyotype formula of the diploid L. japonica in China has been reported as 2n = 18 = 2 m + 14 sm (3SAT) + 2 st (2SAT) by GUO et al. (1993) and 2n = 18 = 6m + 10 sm + 2st with no satellite chromosomes by WANG and WANG (2005) . The karyotype features of Chinese L. japonica apparently dif- fer from those of Japanese L. japonica var. japonica in arm ratio and number of satellite chromosomes. In addition, the karyotype formula for the Chinese tetraploid was defined as 2n = 36 = 24m (4SAT) + 10sm + 2st (ZHANG et al. 2002) , which also differs from the above-described karyotype formula of L. japonica var. miyagusukiana. Considering the karyotype differences between L. japonica var. miyagusukiana and the Chinese tetraploid L. japonica, as well as their remote distribution, it seems unlikely that these tetraploids have a single origin.
Considering the karyotype affinities and the morphological similarities, L. japonica var. miyagusukiana is likely a local tetraploid derived from the diploid L. japonica var. japonica in the Ryukyus. However, we did not find L. japonica var. japonica in the central or southern Ryukyus during our field survey, despite previous reports of its distribution in this area (e.g., HATUSIMA 1975; WALKER 1976; HARA 1983; SHIMABUKU 1997) . HARA (1983) had doubts about the natural distribution of L. japonica var. japonica in the Ryukyus and suggested that it may have escaped from a local garden. It is certain at least that L. japonica var. japonica is very rare in the current central and southern Ryukyus. Lonicera japonica prefers moist and warm temperate climates and its growth is limited in arid areas by inadequate precipitation (<1000 mm; e.g., WILLIAMS et al. 2001) . Pollen assemblage data indicate that a notably arid climate was prevalent in the Ryukyus during the last glacial period, but without a decrease in temperature (KURODA and OZAWA 1996) . During this period, ancient dunes were widespread and the evergreen broad-leaved forest distribution was greatly reduced in the Ryukyus (NARUSE and INOUE 1982; KURODA and OZAWA 1996) . This arid climate in the last glacial period may be correlated with the extinction of large-sized forest mammals such as Cervus (Metacervulus) astylodon and Dicrocerus sp. in the Ryukyus (KURODA and OZAWA 1996; OTSUKA 2000) . Lonicera japonica var. japonica may have declined under such arid conditions, whereas the tetraploid L. japonica var. miyagusukiana may have been derived and survived as a relict insular endemic in the central and southern Ryukyus. However, because limited information is available at present about the karyotypes and phylogenetic relationships among L. japonica and its relatives, we cannot exclude other possibilities; for example, L. japonica var. miyagusukiana may have been derived from diploid Lonicera species other than L. japonica var. japonica somewhere in or around the Ryukyus.
RÜDENBERG and GREEN (1966) stated "polyploidy seems to have played a minor role in speciation within the genus, for only a limited number of wild species are known to be tetraploids or hexaploids." Since then, however, numerous polyploid taxa have been reported in the genus Lonicera (e.g., RÜDENBERG and GREEN 1969; HASHIMOTO 1981; POGAN et al. 1982; CHATTHA and BIR 1984; SKVORTSOV 1986; MONTGOMERY et al. 1997; ZHANG et al. 2002; SOLVYEVA and PLEKHANOVA 2003) . In the blue honeysuckle, L. caerulea, diploids occur only in scattered regions at the southern edge of the species' range, whereas tetraploids occupy an extensive area in northern Eurasia. In this case, tetraploidy is assumed to have occurred during the diploid radiation northward from central and western China (SKVORTSOW 1986 ). Polyploidy may have played an important role in the evolution of the genus Lonicera, as well as in other angiosperm genera. In addition, in the Ryukyus, polyploidy has been shown to be of considerable importance in the speciation process of some plant taxa (e.g., TAMAKI et al. 2001; NAKAMURA et al. 2003; DENDA and YOKOTA 2003; 2004) . Further studies to elucidate the establishment of tetraploidy in the insular endemic L. japonica var. miyagusukiana may contribute to understanding the evolutionary significance of the establishment of polyploidy not only in the genus Lonicera, but also within the narrow subtropical Ryukyu Archipelago.
